The objective. of this study was to determine whether paternal occupational exposure to chlorophenol fiu4icides and their dioxin contaminants is associated with childhood cancer in the offspring of sawmill workers. We used data from 23,829 British Colwmbian sawnill workers employed for at least 1 continuous year between 1950 and 1985 in 11 sawmills that used chlorophenates. Probabilistic linkage of the sawmill worker cohort to the provincial marriage and birth files produced an offspring cohort of 19,674 children born at least 1 year after the initiation of employment in the period 1952-1988. We then lid the offsprwg zcohort to the British Columbia Cancer Registry. We induded all malignancies in cases you thn 20 yes of age that appeared on the cancer registry between 1969 and 1993. We calculate standarded incdence ratios (SIRs) using the British Columbia population as a reference. A nested case-control analysis assessed the effects of paternal cunulative exposure and windows of exposure on the risk of developing cancer in the offspring. We identified 40 cases of cancer during 259,919 personyears of follow-up. The all-cancer SIR was 1.0 [95% confidence interval (CI), 0.7-1.4]; the SIR for leukemia was 1.0 (CI, 0.5-1.8); and the SIR for brain cancer was 1.3 (C, 0.6-2.5). The nested case-control anaysis showed slightly increased risk in the highest categor of chlorophenol exposure, although none was statistically significant. Our analyse provide iittle evidence to support a relationship between the risk of childhood cancer and patemal occupational exposure to chlorophenate fingicides in British Columbian sawmills.
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The past decade has seen increasing interest in male reproductive health, particularly the effects of environmental endocrine disruptors such as dioxins and certain pesticides. In both animals and humans, studies have reported deteriorating spermatogenesis, altered sex ratios at birth, progressive increases in testicular carcinoma, and birth defects of the male genitalia (1-,9. Studies of malemediated reproductive carcinogenicity are also gaining widespread attention. The first published report identified an association between fathers' employment in a job involving exposure to polycyclic aromatic hydrocarbons and childhood malignancy (10) . Since (11) (12) (13) (14) . Occupations potentially at risk include painting; mechanical and motor-vehicle-related occupations; electrical/electronics assembling, installing, and repairing; agriculture; and pulp and paper work (15) (16) (17) (18) (19) . A number of studies that examined the human carcinogenicity of chlorophenols have reported increased risks for cancer, particularly softtissue sarcoma and non-Hodgkin lymphoma (19) . The (1) are inconclusive (20, 21) . Very little information exists regarding the human reproductive effects of chlorophenol exposure. Analytic studies of reproductive outcomes of chlorophenol-exposed sawmill workers and their offspring have demonstrated no effect on male fertility (22) and no increases in low-birth weight, premature, or stillborn births (23) . However, an increased prevalence of certain birth defects was reported (23) . A cross-sectional survey of day-care workers exposed to chlorophenol-treated wood paneling suggested reductions in birth weight and birth length among offspring (24) , and a case report described two women who experienced miscarriages after home exposure to pentachlorophenol (25) .
Chlorophenols were widely used in the British Columbia (BC) sawmill industry between the 1950s and the late 1980s to prevent sapstain fungi from growing on lumber. The most common method of treating sawed wood was dipping and spraying. Workplace exposures occurred primarily through direct skin contact and, to a lesser extent, through inhaling chlorophenol vapors, aerosols, and contaminated sawdust. Polychlorinated dioxins and furans are formed during the production of chlorophenols, and chlorophenate formulations are contaminated with these compounds (26,24. The purpose of this study was to examine the effects of paternal chlorophenol exposure, including cumulative exposure and timing of exposure, on the risk of cancer in the offspring of British Columbian sawmill workers employed between 1950 and 1985.
Subjects and Methods
Retrospective exposure assessment of the sawmill worker cohort. All (31 December 1993) . Once a child was diagnosed with cancer, he or she was censored and no further person-years were contributed by that child.
We assessed childhood cancer risk using the standardized incidence ratio (SIR), adjusted for age and calendar year, and its 95% confidence interval (CI) (30) . Expected cases of cancer were based on person-years at risk for the offspring cohort using sex-, age-, and calendar-year-specific provincial childhood cancer rates. SIRs for all histologies and sites of cancer identified in the linkage were computed in Excel version 4.0 (31).
Nested case-control analysis. To examine the effects of both cumulative exposure and timing of exposure to the father, we adopted a nested case-control approach. We calculated the estimated odds ratios (ORs) using logistic regression. The analysis was run on Stata release 5.0 (32) .
We included all cases of childhood cancer (0-19 years of age inclusive) appearing in the BC Cancer Registry between 1969 and 1993 and identified as true matches in the offspring cohort to BC Cancer Registry linkage. We randomly selected five controls per case, matched on sex and year of birth, from the balance of the offspring cohort. Very little has been published regarding appropriate inclusion and exclusion criteria for control selection in occupational nested case-control studies using workers' offspring as the sampling frame. Marion and Ward (33) described a survival analysis approach to the selection of controls in a study of reproductive outcomes at birth among workers' offspring. The authors suggested that critical events occur only once in survival analysis; thus, when a birth-related abnormality occurred, the subsequent experience of the parent should not be used. Marion and Ward (33) suggested the following criteria for the selection of controls: a) once a case has occurred, subsequent births to the same parent were excluded as either cases or controls; however, earlier births to the parents of a case could be controls; b) siblings of controls could serve as controls unless another sibling had become a case; and c) each multiple birth was considered a single event.
Determining the baseline model for regression analysis. Controls were frequencymatched to cases on the basis of sex and birth year; therefore, these variables were included in all models. Covariates of interest were mother's age, father's age, birth weight, gestational age, total births in the family, and child's age (in four 5-year categories). Age is a covariate that is often controlled for in statistical analyses because of its role as a confounder. Parental age increases risk for certain peri-and postnatal birth outcomes but little has been published on its association with childhood cancer. A review of the literature (34) concluded that that there was insufficient evidence to implicate increasing maternal age with risk for childhood cancer; however, a recently published study (35) reported an effect of maternal and paternal age on risk for both leukemia and brain cancer. In this study, the We created three categories of exposure (low, medium, and high) for each of the exposure variables to estimate risk associated with increasing exposure. Exposure hour cutoff points were determined by ordering chlorophenate exposure and selecting logical cut-off points. Considerations included at least five cases in each cell; paternal chlorophenate exposure in each cell (i.e., the lowest category not only containing offspring whose VOLUME 108 1 NUMBER 6 1 June 2000 * Environmental Health Perspectives fathers had 0 exposure hr); and cells that would reasonably represent low, medium, and high exposure categories. The high category contains fewer children than the low and medium categories in an attempt to aggregate only the highest paternal exposures Table 1 ). The low-exposure categories often contained more children than the medium and high categories because they contained all of the children whose fathers had no exposure.
We tested trends by assigning a value to each of the three categories equal to the mid point of the values in the exposure category, i.e., for the cumulative exposure analysis, the category 0-1,250 exposure hr was assigned the value 625. Cohort analysis. Table 2 presents results of the cohort (SIR) analysis for all cancers combined, all leukemias, and all brain cancers. The overall risk, based on 40 cases, was 1.0 (CI, 0.7-1.4); the risk for leukemia, based on 11 cases, was 1.0 (CI, 0.5-1.8); and the risk for brain cancer, based on 9 cases, was 1.3 (CI, 0.6-2.5). We also performed analyses by sex, and SIRs were consistently higher for girls than boys. For all sites combined, the risk was slightly elevated for the girls (SIR 1.2; CI, 0.8-1.8), and the risk was somewhat decreased for the boys (SIR 0.9; CI, 0.5-1.4). Risk for leukemia among both sexes approximated unity. The six brain cancer cases among the girls indicated a 2-fold increase in risk (SIR 2.0; CI, 0.7-4.4), induding a 2.5-fold increased risk for astrocytoma (SIR 2.5; CI, 0.7-6.3), whereas the three cases ofbrain cancer among the boys indicated an SIR of 0.8 (CI, 0.2-2.3). Among the girls, other sites with at least two cases and an SIR > 2.0 were eye and ovary (however, the confidence intervals always induded unity). Among the boys, no sites with two or more cases had elevated risks. Nested case-control analysis. Table 3 shows the results of the nested case-control analysis by increasing levels of paternal cumulative exposure to chlorophenates. For all sites combined and for brain cancer, the results indicate a nonsignificant increased OR with exposure to high levels of chlorophenates. A nonsignificant decreased risk for leukemia occurred with increasing exposure.
Results
To assess whether a relationship existed by timing of exposure, the data were analyzed by four windows of exposure, each reflecting a distinct period whereby reproductive damage could occur. Not surprisingly, children's exposure levels in these windows were often similar. In particular, a child's exposure level in the second and third window had a correlation, r = 0.87, the second and fourth window had r = 0.64, and the third and fourth window had r = 0.75. The correlation between the first and subsequent windows was always < 0.2. Results of the analysis by windows of exposure (Table 1) showed an elevated but nonsignificant OR in the high categories of the correlated second, third, and fourth time windows. Again, however, all confidence intervals induded unity and tests for trend were nonsignificant. Because we identified elevated SIRs for brain cancer in the cohort analysis, we performed subanalyses for brain cancer. Exposure was divided into only two levels (low and high) because of the small number of cases (nine); therefore, trend testing was not possible. We performed analyses for cumulative exposure and windows of exposure. We observed nonsignificant increased risks in each high category of exposure: cumulative exposure OR = 1.5 (CI, 0.4-6.9); window 1 OR = 2.1 (CI, 0.5-9.7); window 2 OR = 2.1 (CI, 0.4-9.9); window 3 OR = 2.0 (CI, 0.4-9.3); and window 4 OR = 1.4 (CI, 0.3-6.2).
Discussion
No statistically significant associations were found between paternal occupational exposure to chlorophenate fungicides in British Columbian sawmills between 1950 and 1988 and the risk of childhood cancer. In the cohort analysis, overall risks were not elevated; however, when the cohort was disaggregated by sex, risks among girls, particularly for brain cancer (n = 6), ovarian cancer (n = 2), and eye cancer (n = 2), were elevated, although CIs always included unity. In the nested case-control analyses, risk of all cancers combined and the risk for brain cancers was increased for the highest level ofexposure, but this was not true for leukemias. However, small numbers in each of the exposure categories contributed to unstable parameter estimates and nonsignificant test results. For the analysis addressing the timing of exposure, we saw similar results for exposure windows 2, 3, and 4. This is not surprising given the correlation among exposure levels in these windows.
Previous studies of parental pesticide exposure and risk of childhood cancer have (36, 37) . The authors concluded that improved methods to assess exposure, large study populations, and investigating the timing of exposure are necessary to accurately estimate the effects of parental pesticide exposure on the risk of developing childhood cancer.
Study strengths. In this study, the offspring cohort was ascertained using the best methods available at the time; therefore, the cohort should be reasonably complete. To our knowledge, this study contains the most extensive exposure assessment of any study published on the risk of childhood cancer in relation to paternal occupational exposure. The exposure assessment and large study population permitted a limited evaluation of dose-response relationships as well as the timing of exposure to be investigated. The correlation of exposure levels in all but window 1 suggest that the results may be representative of risks associated with the period from spermatogenesis onward. The difference between risks associated with the first and remaining windows confirms the suggestions by previous researchers (36, 37) that timing of exposure may be an important aspect of its assessment. Because of the rare occurrence of childhood cancer, most of the published studies used population-based case-control designs. Although such designs are efficient for studying childhood cancer, they have been criticized because of crude exposure assessment methods, small study populations, and the potential for selection and recall bias (36) (37) (38) (39) (40) (41) ). An historical cohort study is in BC but who move out will cause a conservative bias because they will be retained in the denominator. There is no reason to believe that there would be a change in cancer risk for those who moved out of the province. There is reciprocal reporting among Canadian cancer registries for children treated outside the province; therefore, cancer cases who live in BC but are treated elsewhere in Canada should be included.
Lastly, confounding may be an issue in our study. We did not collect data on paternal home pesticide use (i.e., nonoccupational) or data on maternal exposure (either occupational or lifestyle). However, smoking data were collected on 328 men in three mills where urinary chlorophenate measurements were taken in the 1980s. Results showed a correlation of 0.024 (i.e., no correlation) between pack-years of smoking and total chlorophenate levels in urine; therefore, confounding by smoking should not have occurred. Other potentially confounding variables may be systematically different between geographic locations of sawmills but it is unlikely that these factors would be correlated with chlorophenate exposure within the mills.
In conclusion, this large retrospective cohort study of cancer incidence in the offspring of British Columbian sawmill workers failed to find a clear relationship between paternal occupational exposure to chlorophenate fungicides and the risk of childhood cancer. Although the study included > 18,000 children, childhood cancer is rare and therefore only 40 cases were observed. This small number and the potential misclassification of exposure limited our ability to detect small risks.
